A study was conducted to evaluate the effects of adding all essential amino acids (EAA) equal to that of higher CP diets or a mixture of nonessential amino acids (NEAA) to low CP diets on the live performance of broilers during the period of 0 to 21 d. A series of experimental diets comprised primarily of corn and soybean meal were formulated to contain 3,200 ME kcal/kg. Five primary diets were formulated to contain 16, 18, 20, 22, and 24% CP. Requirement levels for EAA (110% of NRC, 1994) were accomplished when necessary by adding crystalline amino acids. In each of these dietary series, diets with 16, 18, and 20% CP were supplemented with additional EAA (Trp, Ile, His, Val, Leu, Arg, Gly and Phe) to bring the content of all these EAA to a level equal to that of the 22% CP diet. Additional diets in each series with 16, 18, and 20% CP were supplemented with a mixture of NEAA (equal parts of Ala, Glu, and Glu-NH2) to provide levels of nitrogen equivalent to that provided by the EAA supplementation in the previous diets. Each of the treatments was fed to 12 replicate pens of 5 male chicks of a commercial broiler strain. The reduction of CP level in the starter diets had a significant influence on the live performance. Decreasing CP levels lower than 22% significantly decreased BW gain and increased the feed conversion ratio (FCR). Adding the EAA or NEAA mixtures to the low CP diets significantly improved the performance but did not completely overcome the adverse effects of the low CP diets.
Introduction
showed that a manipulation of the dietary protein can have various effects on broiler performance. He pointed out that differences occurred in the body weights, feed intake, and especially the carcass composition of birds fed different levels of the dietary protein. Because of the expense of providing sufficient protein to growing broilers, numerous studies have been carried out to investigate the possibility of reducing dietary crude protein (CP) levels. It is generally accepted that the CP in the diet should represent a balance of essential (EAA) or indispensable and nonessential (NEAA) or dispensable amino acids supporting the needs for maintenance and the tissue accretion. Reduction in the dietary CP with supplementing synthetic amino acids may support the live performance equal to high CP diets. There is a common agreement that s upplementing diets with Met, the first limiting amino acid, and Lys, the second limiting amino acid, allows the reduction of CP levels to a point Waldroup et al., 1976; Uzu, 1982 Uzu, , 1983 . By removing the dietary CP minimum and supplementing with Met and Lys, Waldroup et al. (1976) found that the best broiler performance could be obtained during 1 to 8-week of age by meeting EAA needs without considering a particular dietary CP minimum. Uzu (1982 Uzu ( , 1983 reduced 4% CP from the 20% grower diets while keeping the body weight (BW) gain by Met and Lys supplementation. Based on the assumption that the non-essential amino nitrogen may likely become a limiting factor in the low CP formulation and the NEAA limitation is particularly significant in regard to the effects upon the carcass fatness in broilers, Fancher and Jensen (1989a) added Glu to three low CP diets (15.7%, 14.2% and 12.3%, respectively) and brought the CP level equal to the 18% CP diet. However, they failed to restore the BW gain of broilers receiving those three low CP diets from 3 to 6-week of age. They concluded that the reduced growth associated with the three low CP diets was not due to insufficient non-essential amino nitrogen. They also reported that additional Met, Lys, Thr and Arg in a 15.7% CP diet did not support the optimal growth as broilers fed a 18.2% CP diet while only Lys and Met supplement to the 18.2% CP diet could support the growth as well as chicks fed the 22.6% CP diet. Fancher and Jensen (1989b,c) further demonstrated that the performance of broilers was impaired when feeding a low CP diet despite the fact that Met, Lys, Thr, Arg, Trp, and Ile were 7.5% above the NRC (1994) recommendation and potassium content was equal in those diets. Deschepper and DeGroote (1995) stated that the performance of chicks was significantly influenced by the dietary protein regimen. In their study, supplementation of low CP (16.3%) diets with Lys, Met, Arg, Thr, Trp, Ile, Leu, His, Phe, and Val or these ten EAA plus Gly and were analyzed for crude protein and for total and sodium glutamate as a source of NEAA to the same amount as the 23.1% CP control diet resulted in a significantly lower BW gain. However, the addition of NEAA r esulted in a slightly improved FCR. They postulated that the failure of these low CP diets might be explained by the deficiencies of some other amino acids in the low CP diets. The results from different labs about the performance of broilers fed low CP diets are contradictory. This may be due to differences in the basal diets, assay length, age of chick, or other factors. The purpose of the present study was to investigate the effects on the performance of male broilers from 0 to 21 d fed low CP (16%, 18% and 20%) diets supplemented with synthetic EAA and NEAA equal to that of the higher CP (22%) diet.
water were provided for the ad libitum consumption from
Materials and Methods
Diet formulation: Diets were formulated to meet a recommended guidelines (FASS, 1999) minimum of 110% of the NRC (1994) amino acid recommendations for the 0 to 21 d broiler. A series of experimental diets comprised primarily of corn and soybean meal of known crude protein content were formulated to contain 3,200 ME kcal/kg, 0.90% calcium, 0.45% non-phytate phosphorus, and 0.23% sodium with minimum dietary electrolyte balance of 200 Meq/kg. The corn and soybean meal used were analyzed for CP (N x 6.25) prior to diet formulation using AOAC (1970) procedures. Five primary diets were formulated t o contain 16%, 18%, 20%, 22%, and 24% CP. Requirement levels for EAA were accomplished when necessary by adding crystalline EAA to isocaloric diets. In each of these dietary series, diets with 16, 18, and 20% CP were supplemented with additional EAA (Trp, Ile, His, Val, Leu, Arg, Gly and Phe) to bring the content of all these EAA to a level equal to that of the 22% CP diet, a level we have found to be sufficient to support performance of broilers of this age in previous studies (Si et al., 2004; Jiang et al., 2005) . This added additional N to the diets, with the CP equivalent (N x 6.25) of 2.07, 1.70, and 0.89% for the 16, 18, and 20% CP diets, respectively. In order to determine if any response to the supplemental amino acids was due to specific amino acid needs or to the addition of non-specific nitrogen, aliquots of diets in each series with 16, 18, and 20% CP were also supplemented with a mixture of NEAA (equal parts of Alanine, Glutamic acid, and Glutamine to provide an aliphatic, a dicarboxylic, and a dibasic amino acid) to provide levels of nitrogen equivalent to that provided by the EAA supplementation in the previous diets. This resulted in a total of eleven dietary treatments. The crude protein and metabolizable energy values o f supplemental amino acids (NRC, 1994) were considered in formulation of the basal diets but not in addition of the EAA or NEAA mixtures. Diets were supplemented with complete vitamin and trace mineral mixes obtained from a commercial integrator. All diets supplemental amino acid content by a laboratory specializing in amino acid analysis. The composition of the five basal diets is shown in Table 1 . Each of the 11 treatments was fed to twelve replicate pens of five male chicks. Diets were provided in mash form.
Chicks and housing:
Male chicks of a commercial broiler strain were obtained from a local hatchery where they had been vaccinated in ovo for Marek's disease and had received vaccinations for Newcastle Disease and Infectious Bronchitis post hatch via a coarse spray. They were placed in compartments in electrically heated brooders with raised wire floors. Five chicks were placed in each of 132 compartments. The test diets and tap 1 to 21 d of age. Continuous 24 hr fluorescent lighting was provided. Care and management followed Measurements: Birds were group weighed by pen at 21 d. Feed consumption during the period was determined by weighing the feed container at the start and the end of the study. Mortality was checked twice daily; birds that died were weighed with the weight used to adjust the feed conversion (FCR = total feed consumed ÷ (weight of live birds + weight of dead birds)). At 18 d, feces were collected by pen for one day on aluminum foil and placed in a freezer. The samples were then freeze-dried, ground using a 2 mm screen, and allowed to equilibrate to ambient temperature and humidity. Nitrogen content of the samples was then determined.
Data analysis:
Pen means served as the experimental unit. Mortality data were transformed to; data are presented as natural numbers. Data were subjected to the analysis of variance (SAS Institute, 1991) as a single factor arrangement using the General Linear Models procedure. The means for treatments showing significant difference in the analysis of variance were compared using the least significant difference procedure. All statements of significance are based on the 5% level of probability.
Results and Discussion
Calculated and analyzed values for CP and amino acid content are shown in Table 2 . Analyzed CP values for all diets were in good agreement with the calculated values. Analyzed levels of all supplemental amino acids were all in close agreement with the calculated values. The amino acid content in all diets was higher than the NRC (1994) recommendation for essential amino acids. Reduction of CP level in the diets had a significant influence on the live performance of male broilers (Table  3 ; Fig. 1 ). As noted in the previous results from our laboratory, a reduction in the dietary crude protein to 1040 mg/kg supplemental choline. Variable amounts of amino acids and corn starch. 4 levels lower than 22% resulted in a significant reduction performance when added to diets with 16 or 18% CP. in the BW gain and an increase in the FCR even though
The FCR of birds fed the 18% CP diet supplemented the low CP diets were formulated to provide a minimum with the EAA mixture did not differ significantly from that of 110% of NRC (1994) amino acid recommendations.
of birds fed the 22% CP diet but was significantly less Addition of a mixture of EAA to bring total dietary levels than that of birds fed the diet with 24% CP. The equal to that of the 22% CP diet improved performance improvement in FCR of chicks fed the 16% CP diet slightly when added to the 20% CP diet and significantly supplemented with the EAA mixture was equal to that when added to diets with 16 or 18% CP. Chicks fed the obtained on the 18% CP diet but was less than that EAA-supplemented 18 and 20% CP diets did not differ obtained on diets with 22 or 24% CP. significantly in BW from those fed the 22% CP diet but Addition of the NEAA mixture to provide N equivalent to were significantly lighter than those fed the 24% CP that from the EAA mixture had variable results. There diets. Addition of the mixture of NEAA to equal the N was no apparent benefit observed when added to diets content of the EAA mixture also improved the BW of with 20% CP but a significant improvement when added chicks fed the 20% and 16% CP diets but had no effect to diets with 18% CP. Addition to the diet with 16% CP on BW of chicks fed the 18% CP diet.
resulted in a numerical but nonsignificant improvement Reduction in dietary CP had a significant effect on feed in FCR. conversion by male broilers (Table 3 ; Fig. 2 ). Decreasing
The nitrogen excretion significantly decreased as the CP the dietary CP resulted in significant increases in FCR at levels declined, but was increased by the addition of each reduction in dietary CP level. Addition of a mixture mixtures of EAA or NEAA at each level of CP (Table 3 ; of EAA to bring total dietary levels equal to that provided Fig. 3) . The increased N excretion that resulted from by the 22% diet had no significant effect when added to addition of the mixtures of EAA or NEAA suggests that the diet with 20% CP but significantly improved the supplements were not totally used to support protein Analyzed values from Ajinomoto Heartland Lysine LLC, Chicago IL 60631. 5 accretion but were being excreted. This research suggests that the growth performance These results indicate that problems encountered i n may b e maintained when dietary protein levels are diets with low levels of CP might be overcome through moderately reduced and diets are supplemented with more EAA supplementations as we observed at the 20% the EAA (Daghir, 1983; Han et al., 1992; Morris et al. , CP diet and the 18% CP diet. This may also indicate that 1992; Deschepper and DeGroote, 1995) . However, a the NRC (1994) recommendations for some EAA are not further reduction in CP levels still has a detrimental sufficient when the CP levels in diets decrease.
(%) --------------------------------------------------------------------------------------------------------------------------------------
effect on the performance that cannot be overcome by However, adding sufficient amounts of essential amino simple additions of EAA or NEAA mixtures. Further acids to the 16% CP diet and bringing essential amino experiments should be carried out to examine the acids in the diet up to content same as the 22% CP diet possibility of more varieties and quantities of the EAA did not totally overcome the adverse effects of the low CP supplementations to the diet low in CP to improve the diet. In a like manner, the addition of an equivalent performance of chicks fed the low CP diet. amount of nitrogen in the form of a mixture of NEAA had Stucki and Harper (1961) pointed out the importance of limited effects compared with the EAA supplementation.
providing NEAA in diets with low crude protein. They Percent of dry matter. CV of transformed means. a-g means within column with no common superscripts differ significantly (P < 0.05). noted that about 33% of the dietary nitrogen had to be Fig. 2 : Effects of addition of mixtures of essential amino provided from NEAA in order to obtain maximum growth acids (EAA) or nonessential amino acids (NEAA) of broiler chickens. Sugahara and Ariyoshi (1968) to diets with reduced levels of crude protein on pointed out that Stucki and Harper (1961) neglected the feed conversion by male broilers. difference of DL-form of amino acids in their control diet, and calculated that optimum performance of broilers could be achieved when dietary NEAA ranged from 40 to 50% of the dietary nitrogen. Bedford and Summers (1985) confirmed that in all cases, apart from the proportion of carcass protein, optima were achieved at the 55:45 EAA/NEAA ratio. The ratio of EAA/NEAA has also been studied with rats (Heger, 1990) , pigs (Wang and F uller, 1989) , turkeys (Bedford and Summers, 1988) , and kittens (Rogers et al., 1998) . Except for kittens, results of the other three species have shown optimal growth rates when the dietary EAA/NEAA ranging from 40:60 to 65:35. Minimal response was noted to the supplementation of diets in the present study with NEAA. A similar lack of response to supplementation of low CP diets with NEAA has been observed by Kerr and Kidd (1999) . Although all the essential amino acids levels in diets used in this study are above NRC (1994) recommended levels most of them tend to decline towards their minimum requirements as dietary CP levels decreases. It is possible that some essential amino acids whose requirements are based on limited studies, such as Gly and Ser, may become limiting. In comparison to the 1.25% level of Gly + Ser suggested by NRC (1994), Fig. 3 : Effects of addition of mixtures of essential amino period. Poult. Sci., 68: 897-908. acids (EAA) or nonessential amino acids (NEAA) to diets with reduced levels of crude protein on fecal nitrogen content of male broilers Heger and Pack (1996) reported that Gly and Ser needs ranged from 1.5 to 1.6% at 17% CP up to 1.7to 1.8% at 23% CP. Schutte et al. (1997) recommended 1.9% of total Gly and Ser when birds were fed low CP diets fortified with amino acids. Jiang et al. (2005) reported that addition of Gly to diets low in CP resulted i n improved performance and concluded that it i s preferable to maintain a higher level of Gly than recommended by NRC (1994) as the dietary CP level is reduced. This is in agreement with Almquist and Grau (1944) , Douglas et al. (1958) , Waterhouse and Scott (1961) and Ngo and Coon (1976) . Reasons for the reduction in performance at low dietary CP levels have not been totally explained. At the present time it is not likely that merely adding more EAA or NEAA will enable the use of diets much lower in CP than typically used in commercial diets today. More research needs to be done on needs for individual amino acids in diets low in CP, especially for amino acids other than Lys and Met.
